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ABSTRACT
The present study was carried out to investigate polyphenoloxidase inhibition in eggplant slices before drying. 

Pretreatments were carried out single or combined from immersion in ascorbic acid, citric acid or sodium chloride 
solutions at different concentrations 0.5, 1.0, 1.5, 2.0% and /or steaming for 2,4,6,8 min. Polyphenoloxidase activity 
of fresh eggplant slices was 0.65 unit /g/min. Sever inhibition was detected with increasing chemical inhibitors con-
centration or steam regardless of chemical inhibitors types .The inhibitory effect of  steam pretreatments or various 
chemicals inhibitors on eggplant slices was found to decrease in the following order steam treatment > ascorbic acid > 
sodium chloride > citric acid at the same  concentration level. Combination of chemical inhibitors and steam treatment 
(Ascorbic acid, citric acid, sodium chloride at levels 0.5% and steam treatment for 2min) as hurdle technology resulted 
most effective inhibition on enzymatic browning. Dried eggplant slices with aforementioned combined pretreatment 
at low concentration of chemical inhibitors and steam were less three times of enzymatic browning index than control 
treatment (without pretreatment). Also, inhibition of polyphenoloxidase of eggplant slices before drying were higher 
maintained bioactive compounds especially phenolic compounds, ascorbic acid and antioxidant activity than control. .  
Keywords: polyphenoloxidase, eggplant, inhibition, drying.

InTRoDuCTIon
Eggplant (Solunum melongena L. is a plant of 

the family Solanaceae, is one of the important veg-
etables grown and consumed in Egypt and other 
tropical countries. The annual production of egg-
plant in Egypt was estimated to be 1166430 tons 
produced from a total area of 170.190.48 Feddans 
(FAO, 2013). Eggplants which are low in calories, 
have high water content, and provides relatively 
high levels of calcium, phosphorus, potassium, sodi-
um, fiber, folic acid, and vitamins B and C (Kashyap 
et al., 2003).  Also, eggplant fruit contains ascorbic 
acid and phenolics, both of which are powerful an-
tioxidants (Vinson et al., 1998). Eggplant has a very 
limited shelf life for freshness and deteriorate during 
long term storage and associated with pulp browning 
caused by the oxidation of phenolic compounds. The 
level of phenolics has been shown to correlate with 
browning in different eggplant varieties (Prohens et 
al., 2007). Color determine acceptance of food by 
the consumer being the first factor that determines 
the acceptance or rejection of food .Thus ,the preser-
vation of the original color of food during process-
ing is a fundamental to the acceptability of prod-

uct derived from fruits or vegetables (Almida and 
Nogueira,1995).   In the oxidative degradation of the 
phenolic compounds there are two relevant enzymes 
involved whose activity can lead to the production 
of brown polymers.These enzymes are the poly-
phenoloxidase (PPO, EC 1.14.18.1) and peroxidase 
(Tomas-Barberán and Espin, 2001). The enzymatic 
activity of vegetable tissues is one of the principal 
causes of food nutritional and organoleptical im-
pairment. Polyphenoloxidase catalyzes the initial 
step in the polymerization of phenolics to produce 
quinones, which undergo further polymerization to 
insoluble dark brown polymers known as melanins. 
The browning in vegetables is controlled by the lev-
els of phenols, activity of PPO and the presence of 
oxygen (Spanos and Wrolstad, 1992). 

o-quinones are very unstable and rapidly react 
with amino acids or proteins, generating brown pig-
ments by polymerization (Garcia-Carmona et al., 
1988).  Also, Lozano (2006) reported that PPO ac-
tivity may be minimized by reducing agents, heat 
inactivation, lowering the pH of the product, and the 
presence of enzyme inhibitors. The most commonly 
used inhibition method in food industry has been the 
addition of sulfur compounds. They are used to in-
hibit the browning of fruits and vegetables, as well E-mail:assous2010@yahoo.com ; aymandyab@ymail.com
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as whitening compounds and inhibiting the growth 
of microorganisms. Although these compounds, 
very effective in the inhibition of both enzymatic 
and non-enzymatic browning, may cause allergic 
reactions and have a negative effect on taste (Bie-
ganska and Czapski,2007). Dehydration constitutes 
an alternative to provide higher stability eggplant 
products, which may be shipped to external markets 
or used along the whole year (Akpinar and Bicer, 
2005). Dried eggplant could be used as a new in-
gredient in foodstuffs, like soups and sauces Greek 
moussaka and Baba Ganoush. Also, dried eggplant 
is traditionally consumed in different kinds of meals. 
Samappito & Trachoo (2011) reported that instant 
fiber powder from some vegetables such as eggplant 
was  found successful supplemented with probiotic 
bacteria in dairy products.

The aim of this work was to evaluate the 
browning inhibitors of eggplant before drying to 
produce high quality dried eggplant powder.

MATERIAlS AnD METhoDS
Materials: Fresh eggplant (Solunum melon-

gena L.) purple colored were purchased from the 
local market, Giza, Egypt in April 2012.. 

Pretreatments for controlling browning
Eggplants were washed in running water, 

drained, peeled, the flesh cut into 1 cm-thick slices 
.The slices of eggplant were dipped into solutions 

at different concentrations of ascorbic acid, citric 
acid and sodium chloride at ratio slices eggplant: 
solution,1:2 (w/v) for 15 min. or blanched with 
steam at different times. Also, the competitive in-
hibition of the lowest concentrations of ascorbic 
acid, citric acid and sodium chloride in solutions or 
steam were combined to use inhibiting PPO activ-
ity in Table (1). 

Drying of eggplant slices
The highest pretreatment of polyphenoloxi-

dase inhibition of eggplant slices and fresh as 
control were dried at 60ºC in oven under vacuum 
until constant weight then ground by petern labora-
tory mill and sieved (0.125 mesh) then, packed in 
laminate sacs PPA packing material (polyethylene, 
polyester and aluminum foils).  

Analytical methods
Moisture content, pH value , total acidity, fiber, 

ash,  ascorbic acid , reducing ,non-reducing ,total 
sugars, protein and fat contents were determined 
according to A.O.A.C (2005). Browning index of 
dried and fresh samples was determined as described 
by Ranganna (1977). The  total  phenolic  content as 
catechol (mg/100g) was  determined  as  described  
by Waterman  and  Mole  (1994). Antioxidant activ-
ity of samples extracts was studied through the eval-
uation of the free radical-scavenging effect on the 
1, 1-diphenyl-2-picrylhydrazyl (DPPH) radical. The 
results were expressed as percentage of inhibition 

Table 1: Pretreatments of eggplant slices

Treatments Concentration % 
 Control -
(T1) Ascorbic acid 0.5-1.0- 1.5 - 2.0
(T2) Citric acid 0.5-1.0- 1.5 - 2.0
(T3) Sodium chloride 0.5-1.0- 1.5 - 2.0
(T4) Steam 2- 4-6 - 8 min
(T5) Ascorbic acid + Citric acid 0.5+ 0.5
(T6) Ascorbic acid + Sodium chloride 0.5+ 0.5
(T7) Ascorbic acid +  Steam 0.5+ 2.0 min     
(T8) Citric acid+ Sodium chloride 0.5+ 0.5
(T9) Citric acid+ Steam 0.5+ 2.0 min     
(T10)Sodium chloride+ Steam 0.5+  2.0min
(T11)Ascorbic acid+ Citric acid  + Steam 0.5+0.5+2.0 min
(T12)Ascorbic acid+ Sodium chloride  + Steam 0.5+0.5+2.0 min
(T13)Ascorbic acid+ Citric acid  + Sodium chloride  0.5+0.5+0.5

(T14)Ascorbic acid+ Citric acid  + Sodium chloride + Steam 0.5+0.5+0.5+2.0 min
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of the DPPH radical. Percentage of inhibition of the 
DPPH radical was calculated according to Alothman 
et al. (2009) using the following equation:-

Abs control – Abs sample
% inhibition of DPPH = _________________________________ ×100

Abs control

Where: Abs control is the absorbance of DPPH solution 
without extracts, Abs sample is the absorbance of 
DPPH with solution extracts.

Determination of polyphenoloxidase (PPo) 
activity

Polyphenoloxidase activity of fresh and after 
pretreatments of eggplant slices was determined ac-
cording to the method of Shatta & EI-Shamei (1999) 
as follows: 

Preparation of enzyme extract
Sample (10g) was homogenized using a Ho-

mogenizer (type: T25B Jkika  Labortechnik, Ger-
many) under cooling for 3 min at 1 min intervals 
for mixing with 50 ml 0.2 M sodium phosphate 
buffer (pH 6.5). Homogenates were centrifuged for 
30 min at 18000 g at 4°C. The enzyme extract was 
ready for assaying. 

Assay of enzyme activity 
The PPO activity was determined at 25°C by 

measuring the initial rate of increase in absorbance 
at 420 nm. Activity was assayed in a 3 ml reac-
tion mixture, consisting of 0.05 M catechol in 0.05 
M sodium phosphate buffer (2.75 ml, pH 6.5) and 
aliquots of enzyme extract (0.25 ml). The enzyme 
unit was defined as the change in absorbance in unit 
/ min / g sample of eggplant slices.

Statistical analysis
The obtained data were statistically analyzed 

using ANOVA procedure of the SPSS statistical 
package at confidence level of 0.05 (SPSS, 1990).

RESulTS AnD DISCuSSIon
Physical and chemical properties of fresh 
eggplant

Physical and chemical properties of eggplant 
(Solunum melongena L.) fruits are shown in Table 
(2). The results indicate that the peel, pulp and TSS 
were 26.9, 73.1 and 5.5%, respectively. The data 
show that total acidity, total sugars, fat, protein, ash 
and crude fiber were 3.18, 53.85, 6.71, 8.28, 3.59 
and 22.46% of fresh eggplant on dry weight basis, 
respectively. These results are in agreement with 

those reported by Nezam El-Din & Omar (1991) and 
Nisha et al. (2009). Polyphenols represent a large 
group of phytochemicals that are gaining accept-
ance as being responsible for the health benefits as-
sociated with fruits and vegetables. Because of their 
chemical structure, plant polyphenols can scavenge 
free radicals and inactive other pro-oxidants, and 
also interact with a number of biological relevance 
(Nisha et al., 2009). 

Table 2: Physico-chemical properties of fresh 
flesh eggplant

Properties Values
Peel % 26.90
Pulp % 73.10
TSS % 5.50 ± 0.208
Moisture % 91.36 ± 0.11
pH value 5.36 ± 0.08
Total acidity* % (as citric acid) 3.18 ± 0.07
Total sugars* % 53.85 ± 0.118
Reducing sugars *% 24.23 ± 0.142
Non Reducing sugars* % 29.62 ± 0.072
Fat* % 6.71 ± 0.115
Protein* % 8.28 ± 0.078
Ash* % 3.59 ± 0.056
Crude fiber* % 22.46 ± 0.092
Total phenolic compounds (mg/100g) 77.28 ± 0.061
Ascorbic acid (mg/100g) 330.55 ± 0.57
Antioxidant activity % 81.46 ± 0.12
Browning index  (at 420nm) 0.167 ± 0.002

*On dry weight basis

Table (2) illustrates that the total phenolic con-
tent, ascorbic acid and antioxidant activity in flesh 
eggplant are 77.28, 330.55 mg /100g fresh weight 
and 81.46%, respectively. The results indicate that 
eggplant extract is a good source of phenolic and 
ascorbic acid compounds and has more benefits to 
human health. These results are in harmony with 
those reported by Hung & Duy (2012).

Effect of pretreatments on PPo activity of 
eggplant slices

The activity (unit/g/min) and % inhibition of 
PPO in the eggplants slices of different treatments 
are presented in Table (3). Acids prevent browning 
are widely used and fall within the group of acids 
naturally present in vegetable tissues such as citric, 
malic, phosphoric and ascorbic acids. In general, 
the effect of inhibition is due to the low pH.
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The inhibitory effect of ascorbic acid is due 
mainly to the reduction of the orthoquinones, gen-
erated by the action of PPO, to the original ortho-
phenolics. Ascorbic acid delayed up to the point at 
which all of the ascorbic acid is oxidised (Almida 
& Nogueira, 1995). When the concentrations of 
ascorbic and citric acids or sodium chloride in the 

solutions increased, the PPO accompa-
nied by markable decrease in activity. 
The results in Table (3) and Figs. (1 & 
2) show that inhibition of polyphenoloxi-
dase were higher by ascorbic acid as 
compared with citric acid at the same 
level .It could be attr to that  ascorbic 
acid acts also, as scavenger by remov-
ing molecular oxygen from the reactions 
catalysed by PPO. Also, it has a chelating 
effect on cupper present in the prosthetic 
group of the enzyme, which is consistent 
with acidity differences as reported by 
Zhu et al. (2014).

The results in Table (3) indicated 
that low percentage of citric acid in im-
mersion solution led to a slight decrease 
of PPO activity. Peng & Jiang (2006) re-
ported that citric acid at a concentration 
lower than 0.02 M (3.84 g/ L) stimulated 
PPO activity of fresh-cut Chinese water 
chestnut, but at 0.1 M (19.2 g/ L) or high-
er markedly inhibited the activity.

The same table and Fig. (3) illus-
trated that sodium chloride was more 
effect inhibition of eggplant PPO than 
those treated with citric acid at the same 
level. Lu et al., (2007) reported that apple 
slices treated in sodium chloride solution 
had a significantly decrease browning 
than those treated in citric acid or water 
control at 4 h (P < 0.01).Sodium chlo-
ride is well –Known inhibitors of PPO, 
the inhibitory effect of sodium chloride 
is attributed to the chloride ion. It was 
noticed that inhibition of PPO by sodi-
um chloride was higher than that of cit-
ric acid but it had effect on product taste 
(Vlasta & Subaric, 1998).

Eggplant slices were blanched for 2, 
4, 6 and 8 min by steam, (Fig. 4) for fresh 
eggplant slices to inhibit PPO,the increas-
ing time of blanching was accompanied 
rapidly by decreasing in polyphenoloxi-

dase. High activation energy reflects a greater sen-
sitivity of PPO to temperature change and the extent 
of PPO denaturation increased with treatment time 
thus, residual activity was only about 7% after 5 min 
at 85 °C and 1.2% after 5 min at 90°C (Chutintrasri 
& Noomhorm, 2006). Ali et al., (2011) reported that 
blanching as a pretreatment is a short-time heat-

Table 3: Activity of PPo after pretreatments of eggplant 
slices 

Treatments Activity 
(unit/g/min) Inhibition (%)

Control 0.650±0.004q 0.00 a

(T1) Ascorbic acid
0.5% 0.371±0.003n 42.92±0.02d

1.0% 0.204±0.004 j 68.61±0.015k

1.5% 0.131±0.002g 79.84±0.15o

2.0% 0.101 ±003e 84.46±0.15q

(T2) Citric acid
0.5% 0.514±0.005p 20.92±0.075b

1.0% 0.357±0.003n 45.07±0.135e

1.5% 0.283±0.006m 56.46±017f

2.0% 0.207±0.005ij 68.15±0.167j

(T3)Sodium chloride
0.5% 0.40 ±0.005o 38.46±0.443c

1.0% 0.255±0.006l 60.76±0.123g

1.5% 0.232±0.009k 64.30±0.38h

2.0% 0.185±0.111h 71.54±0.229m

(T4) Steam
2 min 0.210±0.02j 67.69±0.184i

4 min 0.110±0.005ef 83.07±0.171p

6 min 0.065±0.012cd 90.00±0.15t

8 min 0.022±0.004ab 96.61±0.287x

 (T5) Ascorbic acid + Citric acid 0.191±0.006hi 70.61±0.34l

(T6) Ascorbic acid + Sodium chloride 0.12±0.005 fg 75.57±0.265n

(T7) Ascorbic acid +  Steam 0.063±0.013cd 88.75±0183s

(T8) Citric acid+ Sodium chloride 0.253±0.009l 61.07±0.151g

(T9) Citric acid+ Steam 0.130±0.032g 80.00±0.185o

(T10)Sodium chloride+ Steam 0.08 ±0.006 d 87.68±0.282r

(T11)Ascorbic acid+ Citric acid  + 
Steam

0.048±0.003c 91.42±0.215v

(T12)Ascorbic acid+ Sodium chloride  
+ Steam

0.031±0.013b 95.23±0.187b

(T13)Ascorbic acid+ Citric acid  + 
Sodium chloride  

0.062±0.003cd 90.46±0.123cd

(T14)Ascorbic acid+ Citric acid  + 
Sodium chloride + Steam

0.008±0.154a 98.76±0.21a

Means within a column showing the same letters are not significantly 
different (P≥ 0.05).
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treatment generally applied to vegetables primarily 
to inactivate natural enzymes. Use of this agent has 
several disadvantages such as negative effects on the 
texture, color alterations, flavor damage and vitamin 
and nutritional losses.

Polyphenoloxidase (PPO) is most active at pH 
7. It means that acidifiers which decrease pH be-
low inhibit the enzymatic activity of PPO. It could 
be affecting adversely of sensory properties. PPO 
can also inhibited by heat treatment which causes 
the degradation of food components and impairs 
the taste and low quality of the texture products. 
Thus, combination pretreatments to inhibit poly-
phenoloxidase were used in factories as ahurdle 
technology. The most effective of pretreatment 
to inhibit polyphenoloxidase were noticeable in 
presence steam followed by ascorbic acid, sodium 
chloride, and then citric acid. Results in the same 
Table (3) and Fig. (5)  indicated that the best treat-
ment (T14) inhibited 98.76% of polyphenoloxidase 
activity. Thus pretreatment was chosen for subse-
quent drying by air at 60C.

Effect of drying on physical and chemical 
properties of eggplant powder.

Physical and chemical properties after drying 
of eggplant powder then, powdered recorded in 
Table (4). Moisture content of eggplant powder of 
control (without pretreatment) and treatment (T14) 
were 7.24 and 8.45%, respectively. The low per-
centages of moisture content of eggplant powder 
illustrate lower sugars and higher of crude fiber in 
fresh eggplant. Acidity was slight decreased after 
drying for all treatments nevertheless; acidity of 
control was higher decreased than that treatment 
(T14). This difference might be due to oxidation of 
some acids during drying and the reaction between 
sugars and organic acids. 

Fig. 1: Effect of various ascorbic acid concen-
tration on % inhibition of PPo

Fig. 2: Effect of various cetric acid concentra-
tion on % inhibition of PPo

Fig. 3: Effect of various sodium chloride acid 
concentration on % inhibition of PPo

Fig. 4: Effect of various blanching periods on 
% inhibition of PPo

Fig. 4: Effect of combination treatments on
% inhibition of PPo
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Total sugars decreased  by 2.23-2.97% of the 
initial value for samples due to the effect of tempera-
ture on properties of eggplant slices. This observation 
could be due to the contributions of reducing sugars 
to Millard reactions. It could be noticed that non-re-
ducing sugars decreased along the drying processes 
with the immersion in acid solution. This increment 
in non-reducing sugars may be due to the conversion 
of non-reducing sugars into reducing form. 

Results in Table (4) illustrated that fat and pro-
tein content of eggplant powder were slightly de-
crease after drying regardless of with and without 
pretreatment used. Also, in the same table ash con-
tent of treatment (T14) was higher than that control 
treatment. It may be due to transfer of solute (so-
dium chloride) from solution to product ( Raoult-
Wack et al ,1994).

Phenolic compounds are generally sensitive to 
adverse environmental conditions, including unfa-
vourable temperatures, light, pH, moisture, and ox-
ygen, and are therefore susceptible to degradative 
reactions during product processing. Total phen-
loic compounds of treatment (T14) were contained 
higher than control ones. Ascorbic acid in control 
treatment was lower than treatment (T14). This 
lower quantity of ascorbic acid of control treatment 
may be attributed to oxidation reaction accelerated 
by the heating process and dependent on phenolic 
compounds and PPO levels (Chow et al., 2011). 
Also, it could be pretreated with ascorbic acid, so-

dium chloride, citric acid and heat treatment 
before drying which it inhibited PPO and 
scavenging of materials which may reduce 
the phytochemical compounds.

Browning index (at 420 nm) was in-
creased about 7 times of initial value in 
control treatment while treatment (T14) was 
increased by about 1.5 times of initial value 
.The global improvement of end product 
quality due to the pretreatment has been also 
confirmed through the experimental analy-
sis, which has been shown both the reduc-
tion of browning phenomena and the pres-
ervation of chemical compounds.

In conclusion the most effective inhibi-
tory treatment for PPO activity of eggplant 
slices before drying were combined pretreat-
ment contained of ascorbic acid ,sodium 
chloride  and citric acid (0.5+0.5+0.5%), at 
ratio slices eggplant: solution (1:2, w/v) for 
30 min, then treated with steam for 2min.
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تاأثير بع�ض المعاملات الأولية للتحكم فى التلون الإنزيمي قبل تجفيف �شرائح الباذنجان
م�سطفى طه محمدى ع�سو�س، علاء طلعت م�سطفى �لقا�سى،  �أيمن �سيد دياب

معهد بحوث تكنولوجيا �لأغذية -  مركز �لبحوث �لزر�عية -  �لجيزة -  م�سر

وقد  التجفيف.  قبل  الباذنجان  �شرائح  في  اأوك�شيديز  فينول  البولي  اإنزيم  تثبيط  لبحث  الدرا�شة  هذه  اأجريت 
اأوكلوريد  ال�شتريك  حم�ض  الأ�شكوربيك،  حم�ض  في  بالغمر  اأومجتمعة  منفردة  الأولية  المعاملات  اأجريت 
الن�شاط الإنزيمى  بالبخار لمدة 2،4،6،8 دقيقة . كان  اأو  ال�شوديوم بتركيزات مختلفة 0.5، 1.0، 1.5 ، 2.0 ٪ 
لإنزيم البولى فينول اأوك�شيديز ل�شرائح الباذنجان الطازج  0.65 وحدة / جم / دقيقة. اأو�شحت النتائج اأن زيادة 
تثبيط النزيم متلازماً مع زيادة تركيز المثبطات الكيميائية اأو البخار بغ�ض النظر عن نوع المثبط الكيميائى.  وجد اأن 
درجة ن�شاط انزيم البولى فينول اأك�شيديز ينخف�ض ح�شب الترتيب التالي المعاملة بالبخار < حم�ض ال�شكوربيك 
< كلوريد ال�شوديوم < حام�ض ال�شتريك عند نف�ض م�شتوى التركيز. كما اأو�شحت النتائج اأن الجمع بين المثبطات 
تركيز0.5  عند  اأوك�شيديز  فينول  البولى  لأنزيم  تثبيطياً  اأعلى  العقبات(  تكنولوجيا  بالبخار)  والمعاملة  الكيميائية 
٪ حم�ض الأ�شكوربيك و حم�ض ال�شتريك  وكلوريد ال�شوديوم والمعاملة بالبخار لمدة 2 دقيقة.  وجد اأن التلون 
من  مرات  بثلاث  اأقل  والبخار  الكيميائية  المثبطات  من  تركيز  باأقل  والمعاملة  المجففة  الباذنجان  ل�شرائح  الإنزيمى 
العينة المقارنة ، اأي�شا حافظ تثبيط البولي فينول اأوك�شيديز ل�شرائح الباذنجان قبل التجفيف على المركبات الحيوية 
مقارنة  المجفف  للباذنجان  الأك�شدة  م�شادات  ن�شاط  ودرجة  الأ�شكوربيك  وحم�ض  الفينولية  المركبات  وبخا�شة 

بالعينة المقارنة.
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